Outcomes of Elderly Patients With Proximal Femoral Fractures According to Positive Criteria for Surgical Treatment
Daichi ishimaru, mD; hiroyasu ogawa, mD, PhD; masato maeDa, mD; Katsuji shimizu, mD, Dmsc n Feature Article P roximal femoral fractures are common among elderly patients with osteoporosis, often causing difficulty walking and sometimes rendering patients bedridden. [1] [2] [3] In Japan, .10% of the population is older than 75 years, the age group among which proximal femoral fractures are most common. Approximately 90,000 of these injuries occur each year, and this rate is expected to double by 2025. 4 With the recent advancement of medical technology and generalization of comprehensively managed care for elderly patients, surgical indications for proximal femoral fractures in elderly patients may be increasing, resulting in a higher rate of surgery with improved outcomes. In addition, early surgery and rehabilitation have been recommended for fractures to achieve pain relief, improve mobility, and reduce posttraumatic complications, which may also change the outcome. 5 However, some elderly patients cannot undergo surgery because they are at high surgical risk due to poor general condition or preexisting comorbidities. 6, 7 Previously, the 1-year mortality rate of surgically treated patients was reported to be approximately half that of nonsurgically treated patients (19.7%-29% vs 50.0%), 6, 8, 9 but the rate of surgery and outcomes-including the 1-year mortality rate-of these patients treated with recent medical advancements is unknown. We hypothesized that the surgical criteria increases the rate of surgical treatment for proximal femoral fractures and the overall outcome in elderly patients.
In treating elderly patients with displaced proximal femoral fractures, our exclusion criteria are (1) terminal-stage malignancy (prognosis ,1 month); (2) a combination of an inability to walk, a severe mental disorder, and caregiver refusal of surgery; and (3) nonapproval of the anesthesiologist for surgery. The purpose of this study was to retrospectively evaluate the outcomes of our patients treated surgically and nonsurgically according to our surgical criteria, including the 1-year survival rate.
Materials and Methods
The study group comprised 666 consecutive elderly patients who visited our institution between 2001 and 2009. Inclusion criteria were patients older than 70 years treated for displaced proximal femoral fractures, which included Garden classification 3 and 4 femoral neck fractures and Jensen modification of Evans classification >type 2 trochanteric fractures. 10, 11 Of the 666 patients, 646 (97%) underwent surgical treatment and 20 (3.0%) underwent nonsurgical treatment according to our surgical criteria. Patients who met our surgical criteria underwent surgery and rehabilitation as soon as possible, whereas nonsurgically treated patients underwent leg traction for pain relief and then started rehabilitation according to their individual abilities. All patients underwent rehabilitation, except for the fractured site, on beds immediately after admission, and physicians evaluated their cardiovascular and pulmonary function.
Age, sex, type of proximal femoral fracture (neck or trochanteric), type of surgery, initial blood data, American Society of Anesthesiologists (ASA) grade, preexisting comorbidities, and 1-year survival rate after injury were evaluated. Oneyear survival rate was analyzed using the Kaplan-Meier survival method and the log-rank test. The endpoint was death or dropout from the posttreatment followup; the 1-year follow-up rates were 90.4% (584/646 patients) and 100% (20/20 patients) among surgically and nonsurgically treated patients, respectively. All other relationships were statistically analyzed using Pearson's chi-square test, Fisher's exact test, or x 2 test. Significance was defined as P,.05.
results
Patient data are summarized in Table  1 . In both treatment groups, mean age was 85 years, and approximately 4 times as many patients were women than men. Trochanteric fractures (60%) were more common than femoral neck fractures (40%) in both groups. All trochanteric fractures were treated surgically; 18.8% of femoral neck fractures were treated with internal fixation, whereas 81.2% were treated with hip hemiarthroplasty.
Among the 20 patients who met exclusion criteria, 10 (50.0%) were excluded because they were not capable of walking, had a mental disorder, and were not approved for surgery by their caregiver; 8 (40.0%) were excluded due to nonapproval for surgery by the anesthesiologist; and 2 (10.0%) were excluded due to terminalstage malignancy.
Initial blood tests revealed that average serum hematocrit, white blood cell count, serum total protein, serum alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, and lactate dehydrogenase levels were similar between the groups. Average serum hemoglobin and albumin were significantly lower in nonsurgically treated patients than in surgically treated patients (P,.05 and P,.01, respectively). Average blood urea nitrogen and serum creatinine levels were both significantly higher in nonsurgically treated patients than in surgically treated patients (P,.01 and P,.05, respectively). Table 2 shows the ASA grades in both groups. Overall, ASA grades were higher in nonsurgically treated patients. Surgically treated patients were significantly more likely to be classified as ASA grade 2 than were nonsurgically patients (59.6% and 10.0% of patients, respectively; P,.0001), whereas nonsurgically treated patients were significantly more likely to be classified as ASA grade 4 than were surgically treated patients (45.0% and 3.3%, respectively; P,.0001).
In all patients, mental disorder was the most common comorbidity (38.6%; n5257), followed by hypertension (31.1%; n5207), heart disease (25.5%; n5170), and cerebrovascular disease (14.6%; n597) ( Table 3) . Heart disease was significantly more common in nonsurgically treated patients than in surgically treated patients (P,.01).
With the endpoint as death, 1-year survival rates were 91.8% and 55% among surgically and nonsurgically treated patients, respectively (P,.0001) ( Figure  1A ). However, with the endpoint as death or dropout, 1-year survival rates were 82.2% and 55%, respectively (P,.01) ( Figure 1B) . To investigate the relationship between general condition and 1-year survival rates in both groups, we compared 1-year survival rate between patients with each ASA grade. The 1-year survival rates of patients with higher ASA grades were lower (surgically treated patients, ASA 2 vs ASA 3, P,.05; ASA 3 vs ASA 4, P,.01; and nonsurgically treated patients, ASA 4 vs ASA 2 and 3, P,.01) (Figure 2 ).
Aspiration pneumonia (20.8%) was the most common cause of death in surgically treated patients. Although deterioration of preexisting comorbidities (66.7%) was the most common cause of death in nonsurgically treated patients, it was the cause of death in 18.9% of surgically treated patients (Table 4 ).
discussion
Our surgical criteria under recent medical advancements increased the rate of surgical treatment for patients with displaced proximal femoral fractures and the 1-year survival rate in surgically and nonsurgically treated patients. Our analyses identified 3 clear trends. First, patients who were treated surgically had significantly higher 1-year survival rates (82.2%-91.8%) than did patients who were treated nonsurgically (55%; P,.01). Second, the survival rates were inversely correlated with ASA grade in both treatment groups. Third, whereas cause of death among nonsurgically treated patients was generally related to the deterioration of preexisting comorbidities, this was not the case among surgically treated patients.
Proximal femoral fractures have increasingly become a common problem worldwide, and they are expected to affect 7 to 21 million people by 2050. 12 Previous studies have disagreed on how to treat elderly patients with proximal femoral fractures: although early surgery and rehabilitation are Because surgical criteria remain unclear, elderly patients may miss a limited opportunity to undergo surgery. In this context, recent advancements in medical technology may have made surgery safer and increased surgical criteria for fractures in the elderly. Therefore, the rate of surgical treatment for fractures may be increasing, affecting the outcomes of proximal femoral fractures in the elderly in surgically and nonsurgically treated patients.
In the current study, up to 97% of patients underwent surgery according to our surgical criteria, and as a result, 1-year survival rates (surgically treated group, 82.2%-91.8%; nonsurgically treated group, 55%) were comparable with or better than those previously reported elsewhere. 1, 4, 6, 8 A recent Scottish hip fracture audit reported that, of up to 96.4% of pa- 
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tients treated surgically, the 120-day survival rate was 72% to 89% 13 ; the audit did not report 1-year survival rates. Gregory et al 6 reported that 78.4% of patients with displaced proximal femoral fractures were treated surgically; these patients had higher 1-year survival rates (72.0%) than did patients treated nonsurgically (50.0%). Cumulatively, the results of these studies and the current study indicate that surgery might significantly improve outcomes.
Previous studies have shown that factors such as age, sex, dementia, cardiovascular disease, body mass index, hemoglobin level, and albumin level are correlated with mortality rates of elderly patients with hip fractures 14, [15] [16] [17] ; a comprehensive hip fracture program consisting of an early anesthesiological assessment has been reported to improve mortality rates. 18 In agreement with this evidence, our surgical criteria consisted of some of these factors when evaluating our patients.
In the current study, deterioration of preexisting comorbidities was a more likely cause of death among nonsurgically treated patients (66.7%) than among surgically treated patients (18.9%). Although this discrepancy may be affected by our criteria (especially approval by the anesthesiologist), it also suggests that the presence of preexisting comorbidities is useful in determining whether surgery should be performed and in predicting the outcome of treatment. A high ASA grade is a known risk factor for high mortality among patients with hip fractures 19, 20 ; it is not surprising that 1-year survival rates were inversely correlated with ASA grade in both groups in the current study. Thus, ASA grade appears to be an important criterion when deciding whether to perform surgery.
We were not able to investigate functional recovery of the hip because retrospective estimation of preinjury function is likely to be inaccurate. However, we believe that hip function improvement is an important factor to consider, along with mortality rate, because it is an essential part of maintaining a healthy social life. Thus, further study is needed to investigate the relationship between treatment and functional recovery.
conclusion
Based on the results of this study, our surgical criteria for surgical treatment of proximal femoral fractures in the elderly promote the surgery rate and the outcomes of patients treated surgically and nonsurgically. Intensive care should be performed for preexisting comorbidities, especially in nonsurgically treated patients; this is vital for addressing their fractures and for improving their 1-year survival rates. 
